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CHAPTER 1

INTRODUCTION

1.1 Statement of Problem
With the advances in civil infrastructure and the growing environmental concerns,
the coating techniques explore newer chemistry and approaches to improve the efficiency
of organic coatings. Polyurea and polyurethane are copolymers widely used in the
coating industry. For long term performance of structures which are exposed to severe
environmental conditions like corrosion, the moisture insensitive polyurea coatings
reduce the damage. Polyurea is a good engineering material with great flexibility, fast
reactivity and outstanding thermal properties.
Research [3] showed that there is an increasing need for cementitious compounds
like Poly (Vinyl Butyral) (PVB) and Poly (Vinyl Alcohol) (PVA) when compared to the
traditional concrete which consists of cement paste matrix and aggregates. The main
reason for considering PVB and PVA concrete is that they are light weight, resistant to
impact and have high fracture toughness, strong interaction on a molecular level in the
Interfacial Transition Zone.
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Generally, the behavior of concrete materials can be studied experimentally. The
results are then compared to theoretical calculations. Finite Element Analysis can also be
used to model the behavior numerically to confirm these results.
In this study, the effect of polyurea coating on PVB and PVA was evaluated. A
three dimensional finite element program, ABAQUS, is used for the analysis. For
flexural tests, a 24” x 4” x 0.5” beam under four-point bending load conditions and for
impact test, a specimen of dimensions 12” x 12” x 1.5” for impact loading test was
modeled. Simulations are performed and the Load-deflection plots at the mid-span and
the stress- strain curves were obtained from flexure loading in order to evaluate the
ultimate strength and strain of the material model. Drop weight test was modeled to
observe the dynamic response and failure pattern of various models. The numerical
model results were compared to the experimental results of Hyungjoo et al [1, 2].

1.2 Research Objectives
The following describe the several objectives of this research.
(1) Investigate the effect of polyurea coating on various concrete based material
models using ABAQUS.
(2) Determine the flexural behavior by running simple finite element analyses on the
beam model and use experimental results to validate the results.
(3) Study the effect of the coating conditions of polyurea (plain, top, bottom, both)
for impact loads and validate the results using experimental results.
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1.3 Outline of the Thesis
This research presents a method for modeling a polyurea coated cementitious material
using finite element analysis which mainly focuses on determining the coating conditions
of polyurea spray coating technology for easy application. The following is the outline of
the thesis:


Chapter II: Literature Review



Chapter III: Building a Constitutive Model in ABAQUS



Chapter IV: Model Results and Discussion



Chapter V: Conclusion and Suggestions
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CHAPTER 2

LITERATURE REVIEW

In this chapter, a literature review of polyurea, PVB and PVA concrete and
research on the previous finite element analyses is presented. The following contents are
presented: (1) Polyurea, its applications and its bonding to concrete. (2) Background of
PVB and PVA concrete, its need and (3) past FEM analyses with an introduction to
ABAQUS software.

2.1 Introduction of Polyurea
Polyurea is an innovative protective coating system introduced by Texaco in 1989.
The diisocyanate addition polymerization procedure was first discovered by Otto Bayer
and coworkers in the late 1930s and early 1940s which led to the invention of
polyurethane and polyurea [4]. In 1948, some researchers were evaluating thermal
properties and melting points of various polymer systems [5]. They compared polyesters,
linear polyethylene, polyurethanes, polyamides and polyureas and found that the
polyureas had far superior thermal properties and an extremely high melting point.
Polyurea is a good engineering material which has viscoelastic properties and
features a fast setting time (few minutes or less) as well as good chemical and fire
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resistance. It is very flexible since the elongation at tearing can be as high as 800% and
has high tolerance to extreme temperatures - (50 to -150°C) (122 to -238°F) [6]. Fast
reactivity, thermal shock resistance and moisture insensitivity are the important
properties of polyurea which makes it unique from other polymers [4]. Figure 2.1
illustrates the effect of moisture during the processing of both polyurea and polyurethane
spray systems. As seen, the polyurea has a constant density with moisture, whereas the
polyurethane density decreases leading to porosity and poor performance.

Figure 2.1 Humidity effect on elastomer density with respect to index.

2.1.1 Chemistry of Polyurea:
The urethane coatings can be divided into three categories: i) Polyurethane
coatings, ii) Polyurea coatings, and iii) hybrid polyurethane/polyurea coatings, all linked
to different isocyanate reactions [7].
A purely polyurethane coating is the result of the reaction between an isocyanate
component and a resin blend made with only hydroxyl-containing resins. The final
5

coating film will not contain any intentional urea groups. A polyurethane system is
enhanced by one or more catalysts.

Figure 2.2 Polyurethane Formation Reaction

A polyurea coating is formed from a one-step reaction between an isocyanate
component and a resin blend component. Polyurea is a cross-linked amorphous
isocyanate monomer or pre-polymer and polyamine curative. The compound must
contain at least 80% polyamine to be classified as polyurea. Aromatic and aliphatic are
the two basic types of polyurea.

Figure 2.3 Polyurea Formation Reaction

Polyurethane/polyurea hybrid coatings are formed by the reaction between an
isocyanate component and a resin blend component. Resin blend may contain amineterminated and/or hydroxyl-terminated polymers.
The urea linkages together with the R functional groups form the hard segments
within individual polyurea chains. Within the same chains, R functional groups form the
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soft segments. As a result of strong hydrogen bonding between urea linkages of the
neighboring chains (or the neighboring portions of the same chain), hard segments are
typically micro-phase segregated into hard domains. Consequently, polyureas are
described as segmented (segment-containing) and thermo-plastically cross-linked
(hydrogen bonding provides chain cross-linking) elastomers. Due to their highly complex
internal microstructure described above, polyureas display a very broad range of
mechanical responses under static and dynamic loading conditions.

2.1.2 Polyurea Applications
The initial uses of polyurea chemistry were in fixed place impingement molding
facilities. As we advanced into the 21st century, the uses of polyurea system continued to
expand. Polyurea has a wide range of applications in the coating industry.
Recent advances of polyurea mention its application as reinforcement for the
metal structures against blast and ballistic impacts. Figure 2.3 shows a test [5]
demonstrating how the use of polyurea coating is capable of reducing the damage of a
blast event.

Figure 2.4 Blast mitigation polyurea coatings
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As seen in the above figure, the left picture shows two walls, one coated with
polyurea from inside (center picture) and one without a polyurea coating. High speed
cameras and testing devices are placed inside the room coated with polyurea to study the
deflections of the wall. When a blast is applied, the polyurea wall survived and the
uncoated wall collapsed (picture to the right).
Polyurea is a low-viscosity liquid, so it bonds very quickly and evenly during
application [8]. Several key characteristics of the polyurea coating include chemical and
fire resistance, good elongation, durability and quick curing even at very low
temperatures. The polyurea coating is capable of withstanding regular thermal or
dynamic movement as well.
Ultra-high strength polyurea coatings can provide superior protection for
residential and commercial buildings minimizing the degree of structure fragmentation.
Polyurea can be used to strengthen the cracks in structures, joint sealing, reinforcement
plates, and even in the underwater applications and extreme environments.

Figure 2.5 Polyurea coating acting as waterproofing membrane (left), roof coating (right)
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As discussed earlier, the high tolerance for humidity and thermal properties of
polyurea makes it suitable for coating on concrete in construction applications like roof
repair, bridges and offshore. Its property of high abrasion resistance has applications
which include coatings on bed liners, conveyor belts etc. Table 2.1 represents an
overview of the several applications of polyurea coatings in various fields.

Table 2.1 Polyurea applications in construction and industries [6].
Applications in Construction

Applications in Industry

Roof Coatings

Pipe Protection

Flat Roof Repair

Inner Pipe Repair

Secondary Containment

Tank Coatings

Bridge Decks

Truck Bed Liners

Offshore

Freight Ship Liners

Car Park Decks

Bulk Transport Wagon Liners
Conveyor Belts

2.1.3 Polyurea-Concrete Bond
The applied polyurea coating system must properly wet the concrete surface in
order to achieve adhesion. Since earlier polyurea systems had gel times of 3 seconds or
less, it was very difficult to achieve adhesion. Nowadays, most polyurea systems are
properly formulated for coating / linings applications and have gel times, or wet times, of
greater than 6 seconds.
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Primers do play an important role in the overall adhesion of polyurea coatings to
the porous concrete substrates. This will enhance the overall bonding and help eliminate
the tendency for pin-holing. Myers et al. [9] studied the bond behavior of externally
coated polyurea systems and suggested that in primed surfaces, the failure mode is in
concrete substrate where it shifts to the interface between concrete and polyurea in
unprimed surfaces. So, to minimize delamination, the primer systems of usually either
epoxy or polyurethane based are used.
In numerical analysis, the concept of ‘Cohesive Zone Modeling’ is implemented
for the concrete-polyurea contact surface and the input parameters are the cohesive
elements. Hillerborg [10] presented a model in which the fracture mechanics is
introduced into finite element analysis by means of a model. This concept is
experimented on an unreinforced concrete beam with uniform cross-section loaded by a
pure bending moment and the cracks are studied.

2.2 Introduction to PVB and PVA
Poly (Vinyl Butyral), PVB is a high polymer member of the class of Poly (Vinyl
Acetal) resins [3] widely used in the automotive and architectural fields that require
strong bonding. It is formed from poly (vinyl alcohol) by the reaction with butyraldehyde
in the presence of a strong acid. The structure of PVB can be seen as shown in Figure 2.6.
Research shows that the experimental tests [1, 2] were carried out using Butvar B-79 and
Mowital B-75H in place of aggregates as shown in Figure 2.7.
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Figure 2.6 Structure of Poly (Vinyl Butyral) [3]

Figure 2.7 B-79 powders [1]

Poly (Vinyl Alcohol), PVA is a water soluble synthetic polymer obtained from
poly (vinyl acetate) giving a structure as shown in Figure 2.8.

Figure 2.8 Chemical structure of PVA [3]
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Treating PVA fiber with a concentrated aqueous solution of sodium sulphate
which contains certain amount of formaldehyde and sulphuric acid, is the most important
operational process in the manufacture of textile fibers for transforming them into
insoluble products in water [3] leading to a structure as shown in Figure 2.9.

Figure 2.9 Chemical structure for groups of PVA fiber

From the literature review [1], the PVA fibers used were manufactured by
Kuraray Co. Ltd of Japan (Figure 2.10) and are classified by the manufacturer as RECS
7. They were added to the PVA fiber mix at a fiber volume fraction, V f, equal to 0.6% as
reinforcement. Table lists the properties of PVA fiber used.

Table 2.1 Properties of Kuraray PVA fiber [2, 3]
Properties/ Fiber

Tensile

Young’s

Specific

type

Strength

Modulus

gravity

N/mm2

KN/mm2

1600 (1.6 GPa)

39

RECS 7

12

1.3

Figure 2.10 PVA fibers [1]

Prior research [3] has shown that PVA and PVB concrete can be used as a
complete substitute for aggregates because of their strong interactions at the molecular
level and their increased ductility, impact resistance and fracture toughness with increase
in fiber volume fraction.

2.2.1 Design mix of PVB and PVA concrete
A brief description of the mix design of the PVB and PVA concretes used by
Hyungjoo et al [1, 2] is provided in this section. Bending and impact specimens were
obtained from two different concrete mixes as shown in Table 2.3. Referring to the
constituents in Table 2.3, the cement was a Portland cement Type I-II which confirmed to
ASTM C150 and Metakaolin conforming to ASTM C618. For flexure tests, twelve plates
of size 61cm long x 10.2cm wide x 1.27cm thick, and for impact tests, eight plates of size
30.5cm x 30.5cm x 3.80cm were fabricated using the mix design listed in Table 2.3.
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Table 2.3 Mix proportions for PVB and PVA Fiber Concretes (kg/m3) [2]
Constituents/ Concrete mix

PVB mix (Without Fiber)

PVA Fiber Mix

Cement

832.96

832.96

Metakaolin

79.30

79.30

B – 79 (Butvar – PVB)

182.39

182.39

B-75 (Butvar – PVB)

118.95

118.95

Water

364.78

364.78

Sika

26.68

26.68

PVA Fiber (RECS 7)

0

7.93 (Vf = 0.6)*

W/C

0.438

0.438

*Fiber volume fraction (Vf) is constant for all PVA specimens

2.3 Research on Finite Element Modeling
The computer-based numerical techniques were first put into use in 1940s. They
are very helpful in calculating the strength and behavior of the engineering structures
such as deflection, stress, vibration and buckling, elastic, inelastic and plastic material
response. Numerical solutions to even very complicated stress problems can now be
obtained easily using FEA. In practice, a finite element analysis usually consists of three
principal steps (Figure 2.5): Pre-processing, analysis and post-processing, which will be
discussed in detail in the further chapters.
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2.3.1 Overview of the Software
ABAQUS is one of the most widely used powerful engineering finite element
simulation software. It provides a unified system for engineering analysis and digital
prototyping in support of design and manufacturing.
ABAQUS has been built on an architecture that supports a general non-linear
approach to structural mechanics. It offers a complete solution from simple to complex
linear and non-linear engineering problems using finite element method. A wide range of
structural, thermal and coupled analyses is supported.

Figure 2.11 ABAQUS FEA software products used in FEA and their order of use.

The ABAQUS suite consists of three core products [11] as shown in Figure 2.5 ABAQUS/Standard, ABAQUS/Explicit and ABAQUS/CAE (Complete ABAQUS
Environment). In addition to this, recent versions of ABAQUS (6.10 onwards) also
contain ABAQUS/CFD (Computational Fluid Dynamics) simulations. Each of these
packages offers additional, optional modules that address specialized capabilities required
by some customers.
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1. ABAQUS/Standard is a general purpose analysis product that can solve traditional
implicit finite element analysis including static, dynamic, thermal and electrical
analyses, all powered with the widest range of contact and nonlinear material options.
2. ABAQUS/Explicit is a special purpose analysis product focused on transient
dynamics and quasi-static analyses using an explicit time integration, which is
appropriate in many applications, such as drop tests, crushing, and manufacturing
processes. It is also very efficient for highly nonlinear problems involving changing
contact conditions, such as forming simulations.
3. ABAQUS/CAE is an interactive, graphical environment for ABAQUS. It allows
models to be created quickly and easily by producing or importing the geometry of
the structure to be analyzed and decomposing the geometry into meshable regions.
Physical and material properties can be assigned to the geometry, together with loads
and boundary conditions. ABAQUS/CAE is the modeling environment of choice for
many ABAQUS users.
4. ABAQUS/CFD provides advanced computational fluid dynamics capabilities with
extensive support for preprocessing and post processing provided in ABAQUS/CAE.
These scalable parallel CFD simulation capabilities address a wide range of nonlinear
coupled fluid-thermal and fluid-structural problems including laminar and turbulent
flow, thermal convective flow, and deforming mesh problems.

2.3.2 Past FEM Analysis
Since 1970, there have been several finite element studies performed on structural
analysis. Many reports and technical papers on the behavior of concrete structures are
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documented by the researchers. For numerical analysis, many commercial software are
available, such as ANSYS, ABAQUS, LS-DYNA, NASTRAN, and ADINA. A few of
the past finite element analyses studies and models will be discussed briefly.
A review of the literature in the past decade revealed the existence of many
material models developed for polyurea. Biggs et al. [12] suggests that ABAQUS can
model concrete and steel with beam and shell elements and can be used for their analysis
where the stress/strain behavior and the deflections are critical components.
Kachlakev et al. [13] used FE analysis to determine the general behavior and
crack patterns of concrete structures strengthened with FRP laminates. The loaddeflection curves and the load-strain curves are plotted.
Finite elements in ABAQUS were also used by Thiagarajan et al. [14] to model
the interaction behavior of concrete and steel in bridge decks and to study the slab
behavior.
Recently, researchers have attempted to find the viscoelastic behavior of polyurea
under different conditions. Amirkhizi et al. [15, 16] reported an experimentally based
pressure-sensitive linear viscoelastic constitutive model. The study is carried out to
determine the viscoelastic properties of polyurea over broad ranges of strain rates and
temperatures, including the high-pressure effects on the material response. The model
parameters are extracted from the Hopkinson bar experiments.
Sarva et al. [17] studied the transitions in mechanical behavior of polyurea and
polyurethane from low to high strain rates. From the results, they concluded that polyurea
testing is seen to undergo transition from a rubbery-regime behavior at low rates to a
leathery-regime behavior at the highest rates. The low to moderate rate compression were
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performed using a Zwick screw driven mechanical tester under conditions of constant
nominal strain rate whereas, moderate to intermediate rate tests were conducted on an
enhanced servo hydraulic MTS 810 machine under various imposed engineering strain
rate conditions. The materials were also tested in uniaxial compression at intermediate to
high strain rates using split Hopkinson pressure bar (SHPB).
Elsayed et al. [18] developed a constitutive model which combines finite
viscoelasticity, finite elastoplasticity, and decoupling of volumetric and deviatoric
responses, utilized to model the ballistic impact on polyurea-retrofitted composite plate.
The tests were conducted for strain rates varying from quasi-static conditions to high
strain rates and an increase in stiffness with an increase in strain rate was observed.
Jongmin Shim et al. [19] developed a model describing the strain rate sensitivity
of polyurea. Continuous loading and unloading experiments are performed at different
strain rates to characterize the large deformation behavior of polyurea under compressive
loading. The model predicted the response under monotonic loading over a wide range of
strain rates, while it overestimated the stiffness during unloading. Punch indentation
experiments are performed on polyurea layers on a steel substrate. A newly developed
rate-dependent constitutive model for polyurea is used to predict the experimentally
measured force–displacement curves for different punch sizes and velocities.
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CHAPTER 3

BUILDING A CONSTITUTIVE MODEL IN ABAQUS

3.1 Introduction
In ABAQUS finite element analysis, there are several key components. It is
divided into functional units called modules. Each module contains only those tools that
are relevant to a specific portion of the modeling task which include part, property,
assembly, steps, interaction, mesh, loads, job, visualization and sketch.

3.2 Part Module
The part module is simply the collection of tools used to create the geometry of
the part for analysis. It may be deformable, discrete rigid, analytical rigid or Eulerian
parts. With the features - solids, shells, wires, cuts, and rounds - that define the geometry
of the part. The geometry that the analysis was based upon is a 24” x 4” x 0.5” beam
plate for flexure and 12” x 12” x 1.5” specimen for impact. The concrete and the polyurea
parts are created separately and interaction properties are discussed further in section 3.6.
The shell element for the beam (thickness is too small when compared to the other
dimensions) and the solid element for the impact plate model are considered.
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3.3 Material Properties
All the properties relevant to the material are specified in the property module
which includes a set of material behaviors like general, mechanical and thermal
properties. The input parameters of material properties considered for concrete based
cementitious materials as shown in Table 3.1, and the properties of the rod used for the
impact test as shown in Table 3.3, are obtained from the experimental data [1, 2]. The
linear elastic properties of polyurea are obtained from the manufacturer and the
viscoelastic properties were provided by the uniaxial tension tests [20].
Table 3.1 Concrete Linear Elastic Material Properties
Material Property

Value

Density

1500 kg/m3

Poisson’s Ratio

0.2

Table 3.2 Linear elastic Properties of polyurea (from manufacturer)
Material Property

Value

Density

1100 kg/m3

Young’s modulus

18800 N/mm2

Poisson’s ratio

0.4

Table 3.3 Properties of steel rod used for impact
Material Property

Value

Density

7800 kg/m3

Mass

52.5 N
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After defining the material properties, create the section using solid, shell, beam,
fluid and other sections and assign the section properties to each material created in
property module. ABAQUS also has embedded sections like rectangular, I, L, T in the
profiles module by which we can select and assign the material properties directly.

3.4 Assembly
The part created in section 3.2 exists in its own co-ordinate system. So, the
assembly module is used to create instances of the part in global system by importing it.
Define the other assembly modules - position constraints, features, sets, surfaces etc., if
needed.

3.5 Steps
Every simulation in ABAQUS is carried out in a series of steps. The step
sequence provides a convenient way to capture changes in the loading and boundary
conditions of the model, changes in the way parts of the model interact with each other,
the removal or addition of parts, and any other changes that may occur in the model
during the course of the analysis.
ABAQUS/CAE creates a special initial step at the beginning of the step sequence
of the model and names it Initial. ABAQUS/CAE creates only one initial step for your
model, and it cannot be renamed, edited, replaced, copied, or deleted. The initial step
allows you to define boundary conditions, predefined fields, and interactions that are
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applicable at the very beginning of the analysis. Apart from the initial step, various
sequences of steps can be created depending on the analysis of the model.

3.6 Interaction Properties
The interaction module is used to define the interaction between the regions or
surface of a model. It may be a contact, film condition, cavity radiation, acoustic
impedance, incident wave, and actuator/sensor. The interaction properties are then
defined based on the interaction type. The interaction between the concrete and polyurea
surfaces is taken to be cohesive property with surface to surface contact, because in real
life, the interaction is given by epoxy whereas the interaction between the rigid steel rod
and the concrete slab during impact is considered to be general contact because the
impact damage is out-of-plane concentrated impact (perpendicular to the plane of the
laminated plate).

3.7 Meshing
The size and type of the mesh used is very important in finite element modeling.
It is important to have the mesh small enough to provide the most accurate results.
However, the smaller the mesh, the longer it takes to analyze the model.

3.8 Loading and Boundary Conditions
The next step following the meshing will be to add the boundary conditions and
the loads. The flexure test model was a simply supported beam, constraints of y = 0 and z
= 0 were applied at each node resembling the support of the apparatus along the bottom
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of the beam as shown in Figure 3.1. By not applying a constraint in the x-direction,
rotation was allowed. After the boundary conditions were applied, the force loads are
applied along each node along the load path. For the impact loading, no rotation or
translation is allowed as discussed in the experimental set up; the specimen is restrained
during impact using clamps.

Figure 3.1 Boundary conditions and Loads for beam model - Flexure test
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CHAPTER 4

MODEL RESULTS AND DISCUSSION

After the finite element model was built, the next step was to actually run the
analysis and determine the behavior of the model for the applied loads. A nonlinear
dynamic/explicit analysis was performed on both the flexure and impact models.

4.1 Flexure Test Simulation Results
The literature review gives the results of the flexural test which was carried out by
four-point bending in the laboratory [1, 2]. A similar model was developed in the
ABAQUS software as mentioned in the previous chapter. Figure 4.1 shows the basic set
up for the four-point bending test which is used mainly to determine the bond.

Figure 4.1 Four-point Flexure test
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The simulations were performed and load vs. displacement curves, stress vs.
strain curves were plotted for both polyurea coated and uncoated models. The deflection
contours of the beam models can be seen in Figures 4.2 - 4.5.

4.1.1 Numerical results in comparison with the experiments
In Figure 4.6, experimental and numerical P- δ curves of the PVB and PVA
models can be seen. The simulation response matches the experimental results very well.
In uncoated PVB model, the maximum deflection is 2.27mm for a load of 262N. The
maximum deflection for uncoated PVA model is 5mm at a load of 174N.
As can be seen in Figure 4.6, the ultimate load and deflection of the models are
enhanced by the polyurea coating. When comparing the uncoated models to the polyurea
coated models, the polyurea improves maximum load by 67.9% for PVB concrete and by
129% for PVA concrete.
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Figure 4.2 FEA - Deflection contour for uncoated PVB
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Figure 4.3 FEA - Deflection contour for uncoated PVA

28

Figure 4.4 FEA - Deflection contour for coated PVB
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Figure 4.5 FEA - Deflection contour for coated PVA
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(a) Load-displacement curves of uncoated specimens
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(b) Load-displacement curves of polyurea coated specimens
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Figure 4.6 Experimental and Numerical Flexural Load-deflection curves
4.1.2 Effect of polyurea coating on stress-strain curves
Stress-strain curves representing the flexural behavior of the specimens are
drawn. As can be seen in the Figure 4.7, the uncoated specimens of PVB and PVA
concrete show linear elastic behavior up to failure whereas in the polyurea coated
concrete specimens, there is an increase in the ultimate stress by 35% for PVB concrete
and 66% for PVA concrete. It is also observed that the ultimate strain of PVB and PVA
has increased by 331% and 793% respectively. The increased values for stress-strain in
PVA concrete represent its strain-hardening behavior in which the elastic strain is
recovered as shown in Figure 4.7.
Table 4.1 illustrates a comparison between the experimental and numerical results
for the various specimens.
Table 4.1 Summary of Flexure tests
Deflection (mm)

Uncoated

Coated

Ultimate stress

Ultimate strain

(MPa)

(%)

Exp.

FEA

Exp.

FEA

Exp.

FEA

PVB

2.5

2.279

10.1

9.5

0.055

0.051

PVA

5.3

5.013

10

9.5

0.069

0.075

PVB

5.5

5.101

12.3

12.8

0.202

0.22

PVA

19.7

17.07

15.7

15.8

0.645

0.67

Exp. –Experimental results

*

FEA – Finite Element Analysis results

*
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(b) Stress-strain curves of polyurea coated specimens
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Figure 4.7 Experimental and Numerical Flexural Stress-strain curves
4.2 Impact test results
The impact test studied by Hyungjoo et al. [1, 2] was carried out by drop-weight
test as shown in Figure 4.8 in the laboratory and the dynamic response of the specimen to
impact load was determined. A similar model was developed in the ABAQUS software
as mentioned in the previous chapters, shown in Figure 4.9 with the impact of velocity
6.9 m/sec and the simulations were performed.

Figure 4.8 Schematic diagram of impact device with cylindrical tube impactor
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Figure 4.9 Impact test model in ABAQUS

The experimental results and the finite element model analysis are represented
below. Figure 4.10 - 4.13 shows the behavior of PVB concrete due to impact loads and
compares the experimental results and the model outputs for PVB concrete. The results
can be observed by comparing plain PVB concrete models with the polyurea coated
models. As can be seen in Figure 4.9 a and 4.10 a, the maximum principal stresses
exceeds the stresses obtained from the experiment [1, 2]. The model does not monitor
crack development but the internal tensile and compressive stresses developed can be
seen.
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(a) Sectional view of the maximum principal stresses at the point of impact

(b) Failure pattern on the top and and bottom face after impact
Figure 4.10 Comparison of Experimental and Modeling Results of plain PVB concrete
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(a) Sectional view of the maximum principal stresses at the point of impact

(b) Failure pattern on the top and and bottom face after impact
Figure 4.11 Comparison of Experimental and Modeling Results of polyurea coating on the top
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(a) Sectional view of the maximum principal stresses at the point of impact

(b) Failure pattern on the top and and bottom face after impact
Figure 4.12 Comparison of Experimental and Modeling Results of polyurea coating on bottom
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(a) Sectional view of the maximum principal stresses at the point of impact

(b) Failure pattern on the top and and bottom face after impact
Figure 4.13 Comparison of Experimental and Modeling Results of polyurea coating on top and
bottom of PVB concrete
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Table 4.2 Failure Mode of Specimens
Coating Condition

Failure mode

Plain concrete

F/F

Top coated

F/F

Bottom coated

S/S

Both top and bottom

S/S

*F- Failure
*S- Success

Concrete takes compression but not tension. So, generally reinforcement is
provided at the tension side of the concrete failure. Thus, as seen in Figure 4.11 a, the
bottom coated polyurea PVB shows less stresses developed at the tension side or the
bottom surface. The figures showed that the polyurea coating on top surface has no effect
of safety against impact loading. The bottom coated and the top and bottom coated
polyurea over concrete showed no damage except for the indentation of the impact. The
failure and success patterns of the model are represented in Table 4.2. Applying coating
on the bottom seems to show more effectiveness than the top coating.
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CHAPTER 5

CONCLUSION AND DISCUSSION

5.1 Conclusion
The study presented in this thesis had several focus points. The main objective
was to evaluate the effect of polyurea coating for concrete models subjected to flexure
and impact loads. For this purpose, a three-dimensional nonlinear finite element program
called ABAQUS was used for the analysis.
The FE model of the flexural beam and the impacted concrete slab resembles are
the specimens used for testing by Hyungjoo et al. [1, 2]. From the model results, several
conclusions can be made:
1. The general behavior of the finite element models represented by the load-deflection
plots at mid-span show close results with the test data for four-point bending test.
2. ABAQUS models the concrete behavior well in this research and can be extended for
some more models involving concrete design to determine the stress-strain behavior and
deflections.
3. Polyurea coating shows an improvement in the ultimate flexure loads, deflections,
stress-strains for both PVB and PVA concretes.
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4. The impact loading results from the finite element models indeed don’t show the crack
pattern but analyze the behavior based on the stresses developed and correspond well
with the experimental results.
5. Polyurea coating on the bottom is observed to be a better coating condition when
compared to the top coating.

5.2 Discussion for Future Research
5.2.1 Effectiveness of mesh density
For every FE domain, the whole model is divided into a number of elements and
in order to provide a reasonably accurate result for FE analysis, sufficiently refined
element meshes are used. Thus, analysis on a single element with different mesh sizes has
to be done to define a particular mesh size for each model.

5.2.2 Analysis of failure and impact patterns
The thickness of polyurea is constant in this study. So, future research should
extend to vary the thickness of polyurea coatings on concrete and study its effect on the
various strength parameters.
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